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Ten Years of All-Terrain Vehicle Injury, Mortality, and 

Healthcare Costs 
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and Richard Buckley, MD 



Background: All* terrain Vehicles (ATVs) arc increasing in popularity 
worldwide. The province of Alberta accounts for 25% of Canadian ATV 
sales. This study describes the epidemiology, outcomes, and associated 
healthcare costs for a decade or ATV traumatic injury incidents. 
Methods This is a retrospective population based cohort study using wo 
provincial databases; the Alberta Trauma Registry and the Officeof the Chief 
Medical Examiner of Alberta. Data for individuals aged 1 8 years or older 
with InjuryScvcrity Score l2or deaths between April 1, 1998, and March 
31, 200S were included. Healthcare costs were extrapolated using figures 
from a Level I trauma center. 

Results ATV incidents resulted in 459 serious trauma cases, 395 trauma 
center admissions (a total of 4,1 17 days), and a 17% mortality rate Postdis- 
charge earn was required for nearly 30% of patients. Mala patients aged I S 
years to 19 years had the highest incidence (6,5 of I0t),0D0 people). Head, 
neck, and cervical spine injuries were most common (59%) and predictive of 
mortality (relative risk fRRJ. 2. 19; interquartile range [IQR], l.35B.54;p 
0.001), Vehicle rollovers {RR, 2.75; IQR, 1.13LTJ.70; p 0.01), vehicle 
ejection (RR, -US-IQR, 1.70010.32; p 0.000), alcohol intake (RR, 2.33; 
IQR, 1.52D,5(1; p 0.000), helmet use (RR. 1.82; IQR, l.llfj.02; p 
0,01), and incident location were predictive of mortality. 
Conclusions Increasing rates of ATV-relsted serious trauma and death arc 
described in young males riding without helmets after consuming alcohol. 
Serious injuries contributed to healthcare costs in excess of S6.5 million 
USD. Predictors Df mortality include rider behaviors and mechanical factors, 
Prevention should include rider education and industry measures to improve 
ATV stability. 

Key Words Ail-terrain vehicle, Off-road highway vehicle, Trauma, 
Wounds and injuries, Mortality. 
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All-terrain vehicles {ATVs), defined as four-wheeled off- 
highway motor vehicles, have increased in popularity in 
many countries worldwide in the recent years. Associated 
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with their increased use has been several reports of severe 
injnry.i^ Many reports have illustrated differing pictures of 
the ATV trauma population and their injuries, including data 
on rider populations on a closed-circuit recreational course 
with an enforced helmet rule 2 to rural Australian formers 
using ATVs primarily for work. 4 These findings are in con- 
trast to the extensive literature, primarily from the United 
States, illustrating a young male population with injuries 
sustained during recreational use; suffering commonly head 
and neck injuries with poor rates of helmet use. The literature 
from the United States has also emphasized high rates of 
alcohol intoxication and its contribution to ATV crashes.-'.' 
Helmkamp ct al,' reported that ATV trauma in the United 
States resulted in national hospitalization costs exceeding 
Sl.l billion from 2000 to 2004, a significant burden of injury. 

Most studies on ATV trauma have included injured 
persons who presented to a major trauma centcr gc|J or who 
survived injury. 13 By restricting studies to patients presented 
to trauma center, the most severely injured people were 
excluded and significant predictors of severe injury or mor- 
tality may be missed. Only one study outlined adult AW 
mortality including deaths at the scene but did not character- 
ize multisystem injury, concentrating only on the single 
injury most likely to cause death. 5 A study including trauma 
center admissions and deaths at the scene may provide 
incident and injury features that are predictors of mortality. 

In Canada, the province of Alberta leads the country in 
ATV sales and use, with an increase in yearly sales of 50% 
over the last 8 yeats, accounting for 25% of all ATVs sold 
nationally. i« Alberta Traffic Collision Statistics illustrate a 
nearly threefold increase in ATV collisions since 2001." In 
recent years, a larger number of patients with severe injuries 
from ATV use have been admitted to the trauma service at a 
Level I trauma center in southern Alberta. Despite the in- 
crease in popularity of ATVs and theincrease in incidence of 
ATV collisions, information in the trauma literature on Ca- 
nadian ATV-related injury including mortality is limited to 
pediatric populations.' 8 - 59 

The limitations of the worldwide and Canadian litera- 
ture mean that despite increasing use of ATVs, a clear picture 
of the extent of adult ATV trauma and mortality, its contrib- 
uting factors, and associated healthcare costs is not available 
to inform public policy-makers, Therefore, the objective of 
this study was to define the adult incidence and mortality 
rates, describe the injuries and costs associated with major 
ATA'' injuries, and assess changes over a 10-year period in the 
province of Alberta, Canada, 
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MATERIALS AND METHODS 

This study used a population-based retrospective cohort 
design, Htliics approval was obtained from the Conjoint 
Health Research Ethics Board at University of Calgary, All 
adults (aged IS years) suffering major trauma or death 
directly caused by a four-wheeled ATV in the Province of 
Alberta from April 1, 1998, to March 31, 2008, were in- 
cluded. Study subjects were identified, and data were ob- 
tained using two independent provincial databases: the 
Alberta Trauma Registry and the Office of the Chief Medical 
Examiner (MB) database. The Alberta Trauma Registry da- 
tabase registers all patients aged IS years who suffer 
trauma with an Injury Severity Score (ISS) 12 and present 
to one of the three major Level I and Level 11 trauma centeis 
in Alberta. The database of the Office of the Chief ME of 
Alberta was used for data on all individuals aged IS years 
who died before presenting to a major trauma center. 

After identification of cases through the source data- 
bases, specificdata were abstracted. This abstraction included 
detailed demographic data (age and gender), injury geo- 
graphic location (urban or rural defined as areas with 
50,000 population), terrain or environment descriptors in- 
cluding streets orfields, mechanism of collision, ATV use for 
work or recreation, injury demographics (number of fatalities 
and number of injured persons), injury type (blunt or pene- 
trating trauma), and injur,' date and time. Whether the patient 
was a driver or passenger on the ATV, alcohol levels if 
measured, and helmet use were also collected. Injury severity 
among hospitalized patients was assessed using the ISS. 
Injuries were grouped into six body systems (head and neck, 
face, chest, abdominal and pelvic, extremities, and external) 
according to the Maximum Abbreviated Injury Scale classi- 
fication system for ease of analysis. 20 The Alberta Trauma 
Registry included the ISS coding; however, the data from the 
Office of the Chief ME could not be coded by ISS because of 
the limitations of the data descriptors. The ME data were 
grouped into body system categories. Hospital stay informa- 
tion included duration of hospital stay, intensive care unit 
(1CU) admissions and duration of stay, number of operating 
room procedures, and discharge destination (home, hospital, 
or rehabilitation center). 

All statistical analyses were performed using Stata 
statistical software version II (Stata, College Station, TX). 
For description, continuous variables were expressed as me- 
dian with interquartile ranges (IQRs) when nonnormally 
distributed and were compared using the Mann-Whitney U 
test. Categorical data were compared using the Fisher's exact 
f test. Incidence rates were calculated using population data 
from the Alberta Health Registry. Overall all-cause case- 
fatality rates were calculated by dividing the number of 
deaths by the total number of ATV trauma cases. 

Estimated provincial hospital costs for ATV-relatcd 
trauma patients were calculated using figures from one of the 
study's Level I trauma centers, Foothills Medical Centre, for 
the years 2002 to 2006. Foothills Medical Centre patients 
admitted for ATV-related injuries between 2002 and 2006 
were considered a representative sample of the provincial 
ATV trauma population. Individual patient costs were ob- 
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tained by matching their trauma number to the former Cal- 
gary Health Region corporate database. The average daily 
cost of inhaspital care was then calculated and applied to the 
overall study cohort. For all comparisons, a p value of 0.05 
was determined to represent statistical significance. Costs in- 
cluded both direct and indirect costs of nursing, laboratory, 
diagnostic, surgical, surgical supplies, medications, and support 
staff. 11 The costs associated with repeat hospitaladmissionsor 
thepiovisionofhealthcare services after discharge from aLevel 
I trauma center acute care setting were not assessed, 

RESULTS 

Population 

During the 10-year study period, a total of 459 cases of 
severe trauma involving ATVs were identified: 395 (8(5%) 
through the Alberta Trauma Registry and 64 by the Office of 
the Chief ME of Alberta, Eighty-seven percent (n 401) 
were male, and the median age for the entire study population 
was 36 years (IQR, 24D50 years). The median ISS (n 395) 
was 19 (IQR, 16C25). Of the459 cases, there were 79 deaths 
either prehospital or before discharge for an all cause case- 
fatality rate of 17%. 

Incidence 

The overall annual incidence of ATV associated severe 
trauma was 2.0 per 100,000 population. Overall incidence of 
severe ATV trauma increased yearly during the study period, 
and this was attributable to dramatic increases in the number 
of male victims as shown in Figure 1. Overall, male subjects 
were at a much higher risk than females (3.5 vs. 0.5 per 
100,000; incidence rate ratio, 7.1; 95% confidence interval, 
5.3CF.5; p 0.0001) with this risk differential between the 
genders most pronounced in the more recent years of the 
study (Fig. 1 }. The incidence of severe ATV trauma incidents 
decreased with advancing age (Fig. 2). 

Event Description 

Events resulting in severe injury or mortality involved 
ATV drivers (94%, 427 of 459), riding Tor recreational 
purposes (92%, 423 of 459) in rural areas (87%, 363 of 417). 
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Rgure 1. Yearly incidence of m^'or ATV injury in the prov- 
ince of Alberta, Canada 
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incident were the street or highway (18%, 81 of 459} and 
defined recreational areas (12%, 57 of 459). ATV injury 
incidents frequently occurred on farms {9%, 39 of 459}. 

Positive blood alcohol levels were reported in 45% (n 
132) of 292 available cases. Although, in the majorityof cases, 
alcohol levels were not tested or available, positive alcohol 
levels were significantlyassociated with ATV incidentson the 
street or highway (39 of 132, 30%, vs, 27 of 160, 17%; p 
0.01) and with reduced helmet use (23 of 122, 19%, vs. 62 of 
142, 44%; p 0.000), Positiveblood alcohol levels were also 
associated with recreational use of ATVs compared with ATV 
use for work {129 of 132,98%, vs. 146of 160, 91%; p 0,02). 

Because of the high incidence of ATV trauma in 
persons younger than 30 years, we chose to compare event 
factors between 18-year and 30-year olds and those older than 
30 years (Table 1). Both groups showed comparable rates of 
weekend recreational use in rural areas and had similar rates 
of helmet use. People younger than 30years were more likely 
to have been injured as passengers on an ATV. Collisions 
with stationary objects were more common among riders 
younger than 30 years and may suggest a lack of familiarity 
with the riding environment or with the operation of the 
ATV, Rollover single-vehicle collisions were more com- 
monly reported for people aged 30 or older as were ATV 
incidents on farms. Although only approaching significance, 



TAELE 1. Deayiptive Favors of ATV B/ents by Total Study Population and Age Category 



Factor 


Total aucty Population, n (%) 


Age<30 yr, Rato(%) 


Ags>> 30 yr, Rate(%) 


P 


Mean ISS(IQR) 


19(1SE25) 


2Q(ISE29) 


19(16125) 


O.10 


Male 


401/459(87.4) 


135/162 (83,3) 


2667297 (89.6) 


O.OG 


Rural 


363/417(87.1) 


131/137(95.6) 


232/242 (95,9) 


1.00 


Urban 


16/471 (3.4) 


6/137(4.4) 


10/242 (4.1) 


1.00 


Out of province 


38/471 (S.l) 


13/162(8.0) 


26/297 (E.8) 


0.86 


Weekend 


249/455(54.3) 


37/162(53,7) 


162/297 (54,5) 


0.92 


Driver 


427/450(93.6) 


143/159 (S9.9) 


284/297 (95.6) 


0.03- 


Passenger 


25/456 (5.5) 


14/159 (S.8) 


1 1/297 (3.7) 


0.03* 


Otlicr rider 


4/456 (0.9) 


2/159(1.3) 


2/297 (0.7) 


0.61 


Recreational use 


423/459 (92.2) 


152/162 (93.3) 


271/297 (91.2) 


0.37 


Wearing helmet 


144/408 (35.3); 144/459 (31.4) 


56/148 (37.8) 


88/260 (33.8) 


0.45 


Alcohol intake 


132/292 (45.2); 132/459 (28,8) 


55/105 (52.4) 


77/137 (41,2) 


0.07 


Rollover 


307/395 (77.7) 


94/134(70.1) 


213/261 (81.6) 


0,01* 


Ejected 


261/391 (66,8) 


99/141 (70.2) 


162/250 (64,8) 


0,32 


Stationary collision 


61/395 (15.4) 


29/134 (21.6) 


32/261 (12.3) 


0.02+ 


Moving collision 


26/395 (6.6) 


11/134(8.2) 


15/261 (5,7) 


0.39 


Location street 


81/459(17.7) 


36/162(22.2) 


45/297 (15.2) 


0.07 


Recreational area 


57/459 (12.4) 


23/162(14.2) 


34/297 (11.4) 


0.46 


Location industry 


9/459 (2.0) 


2/162(1.2) 


7/297 (2,4) 


0.50 


Location mine 


4/459 (0.9) 


1/162(0.6) 


3/297 (LB) 


1,00 


Location farm 


39/459 (E.5) 


S/162 (4.9) 


31/297 (10.4) 


0.D5* 


Location home 


9/459 (2.0) 


1/162 (0,6) 


S/297 (2.7) 


0.17 


Winter (Decern her CFebrua ry) 


35/459 (7.6) 


11/162 (6.8} 


24/297 (S.i) 


0.72 


Spring (MarchCMay) 


112/459(24,4) 


45/162 (27.3) 


67/297 (22.6) 


0.21 


Summer (JuneCjAuguyt) 


137/459(40.7) 


667! 62 (40,7) 


121/297 (40,7) 


1.00 


Autumn (September [Naveni ber) 


125/459(27,2) 


40/162 (24,7) 


85/297 (28.6) 


0.38 


Other liir InclitL-s behirc] ATV; 
• Sifm'ficiW at 0.05 lend. 


Staliooaiy collision incites Irccs, fences, and fcouUere, 
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Rgure 2. Age- and gender-related incidence of severe ATV 
traima in flberta, Canada 



These incidents commonly occurred on weekends (54%, 249 
of 459) in the summer months of June through August (41%, 
187 of 459). Helmet use was reported in only 35% {144 of 
40S) of those where information was recorded. 

The most common mechanism of injury was blunt 
trauma (9S%, 448 of 459) sustained in a vehicle rollover 
(7S%, 307 of 395) or when ejected from the vehicle (67%, 
261 of 391). The most common locations for an ATV injury 
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there is a trend toward more female riders, more incidents on 
streets or highways, and increased rates of confirmed alcohol 
consumption in the group younger than 30 years. 

Injury 

ATV trauma resulted in 4,1 17 total admissiondays. The 
median total length of stay per patient was 7 days (IQR, 4D13 
days). Thirty percent (I20of 395)ofpatients required admission 
to the ICU for a median 6-day {IQR, 2D 1 days) length of stay. 
Among the survivors to hospital discharge, nearly 30% (n 
110, 28%) of patients required direct transfer to an alternate 
acute care facility (17%), a rehabilitation center (11%), or a 
chronic care facility (n 1) after theacute care admission, 

Injuries organized by body system are included in 
Table 2, Head, neck, and cervical spine fc-sptne) injuries 
were the most common injuries among fatal ATV incidents 
and incidents resulting in major trauma center admission. 
These injuries were identified in nearly 60% of the study 
population and were frequently classified as serious, severe, 
and critical among hospitalized patients, Helmet use was 
associated with a significantly lower rate ofhead, neck, and 
c-spine injuries (63 of 144, 44%, vs. 184 of 264, 70%; p 
0.000). Patients with these injuries were more likely to 
require ICU admission (91 of 224, 40%, vs. 29 of 170, 17%; 
p 0.001), intubations {7 1 of 224, 32%, vs, 10 of 170, 6%; 
p 0.001), or a surgical procedure (1 15 of 246, 47%, vs. 66 
of 170, 39%; p O.02) and were less likely to be discharged 
home (136 of 224, 61%., vs. 120 of 170, 71%; p 0.04). 
Patients with these Injuries were often discharged to a reha- 
bilitation center after their stay at the major trauma center (35 
of 224, 1 6%, vs. 7 of 170, 4%; p 0.000). 

Injuries to the chest and T-spinc occurred in nearly 
60%of the study population (275 of 459). Although the chest 
and T-spine injuries were commonly categorized as serious 
and severe, they were not associated with an increased like- 
lihood of ICU admission, intubation, or requiring further care 
on discharge. These patients were less likely to require an 
operating room procedure (95 of 246, 39%, vs. S6 of 149, 
5S%; p 0,000). 

Mortality 

Of the 79 patients who died, 43 died on scene (54%), 15 
died at a major trauma center (19%), and 21 died at a 



peripheral rural hospital (27%). Case-fatality rates are pro- 
vided in Table 3 outlining the relative risk (RR) of death for 
various incident factors. A significantly increased risk of 
mortality was observed in ATV incidents of rollover or 
ejection from the vehicle (RR, 2,75 [IQR, 1.I3C6.70]; p 
0.0 1, and RR, 4.18 [IQR, 1.7D0.32]; p 0.000, respec- 
tively). ATV incidents occurring at designated recreational 
areas and on streets or highways had a significantly increased 
RR of mortality (RR, 3.66 [IQR, 2.52E32]; p 0.000, and 
RR, 2.56 [IQR, 1.73CB.80]; p 0.000, respectively). 

Factors representing rider behaviors also showeda signif- 
icantly increased risk of mortalityin ATV trauma. These factors 
included the consumptionof alcohol with a RR of mortalityof 
2.33 (IQR, 1.52D.56;p 0,000). An individual 'schoice not to 
wear a helmet was significantlylinked to an increased risk of 
death (1.S2 [IQR, 1. 1 1[3,02]; p O.O0S). Use of ATVs for 
work, despite being a smaller proportion of the injured popula- 
tion,also had a si gnificantlyin creased riskfor mortalityat RR of 
2.10 (IQR, 1.26Q3.51; p 0.008). 

Two injury classes were associated with significantly 
increased predictive risk of mortality. These were head inju- 
ries (2.19 [IQR, 1,3513.54]; p 0.001) and face injuries (RR, 
1.59 [IQR, I.05C2.39]; p 0.03). A large number of crush 
injuries to the head and face were observed during the chart 
review of files from the ME. 

Although not statistically significant, many additional 
factors may increase the risk oT mortality. Injuries occurring 
at home had a RR of mortality of 1 ,97 (IQR, 0.77Gj.09). The 
ME charts revealed that the majority of events at home 
occurred during the loading of an ATV for transport. The 
increased risk of mortality, although not statistically signifi- 
cant, emphasizes the importance of public safety training and 
protective measures not only during ATV operation but also 
in ATV storage and transport. 

The M E chart review identifieda common theme associ- 
ated with a lack of knowledge and familiarity with the terrain 
chosen for travel on the ATV resultingin death. Many incidents 
were related to sudden unexpected falls off cliffs, down embank- 
ments, into rivers resulting in drowning, or collisions with 
stationary objects (e.g., trees, rocks, and fences). Because of the 
speculative nature of the observations contained in these charts, 
quantification for further analysis was not possible. 



TABLE 2. Injuries Susta'ned in ATV Trauma Described by Body System 



Head and Hsk Chat Abdaixn and Pdvic Contort Upper arc! Lower 

Indudng C-S£ine Face Induing T-F£ina Induing L-Spire Extremities Extarnal 

Total, r, {%) 271 (5S.D4) 118 (25,71) 275 (39,91) 115(25.71) 200 (43.57) 118 (29.9) 

ME cases 4G 20 2] S 17 * 
MAIS severity code 

Minor 10 7 I 4 

Moderate 57 51 24 56 103 2 

Serious 61) 33 US 3D 73 

Severe 51 I 98 17 1 

Critical 55 19 6 1 

Maximum I 

MAIS, MaJuiTTnu Att*e\iatcd Injury Scale 

♦ External inj Loics not irportcj for Office of th; Clu'cr ME cases. 
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TAELE 3. Caffl Fstefity Ffetes End the Ftefative Rsk of Motility by ATV Event Descriptive Fkiors 



Factor 


Mortality With Factor, n {%) 


Mortality Without Factor (%) 


Rdative Risk (95% CI) 


P 


Ejected 


42/261 (16.1) 


5/130 (3,8) 


4.18 (1.70D0.32) 


o.ooo* 


Rccresfiorui! area 


27/57 (47.4) 


52/402 (12.9) 


3.66 (2.52D5.32) 


0.000* 


Rural 


7S/363 (21.5) 


1/16 (6.3) 


3.44(0.51(23.17) 




Rollover 


48/307 (15.6) 


5/SS (5,7) 


2.75 (1.I3C6.70) 


0.0 1* 


Location street 


2S/SI (34.6) 


51/373 (13.5) 


2.56(1.73D.S0) 


o.aoo* 


Penetrating injury 


2/5 (40.0) 


77/454 (17.0) 


2.36 (0.79CT.03) 




Alcohol intake 


4S/132 (36.4) 


25/160 (15.6) 


2.33 (1,5213.56) 


0.000* 


HesA injury 


60/271 (22.1) 


19/188 (10.1) 


2.19 (1.35D.54) 


O.001* 


Work*rclatod use 


12/36(33.3) 


67/423 (15.8) 


2.10 (1.2613,51) 


o.oos* 


Location home 


3/9 (33.3) 


76/450 (16.9) 


1.97{0.77C5.09) 




No helmet 


57/264(21.6) 


17/144 (1 l.S) 


1.82(1. 11D.02) 


0.01' 


Face injury 


2S/1 IS (23.7) 


51/341 (15.0) 


1.59(1.0512.39) 


0.03* 


Location mine 


1/4(25.0) 


78/455 (17.1) 


1.46(0.26C8.06) 




Winter (DcccmbcrLTebrtra ry) 


3/35 (22.9) 


71/424 (16,7) 


1.36(0.7212.60) 




Spring (MardiCMay) 


24/112(21.4) 


55/347 (15.9) 


1.35(0.381X08) 




Male 


71/401 (17.7) 


8/58 (13.8) 


1.28 (0.65 D.52) 




Location farm 


8/39 (20,5) 


71/420 (16.9) 


1.21 (0.63 E.33) 




Ago 30 yr 


31/162(15.1) 


48/297 (16.2) 


1.18(0.790.78) 




Moving collision 


4/26(15.4) 


49/369 (13.3) 


1.16(0.45t2.96) 




Weekend 


43/206 (20.9) 


36/174 (20.7) 


1.01 (0.67C1.5I) 




Summer (JanuaryCAugust) 


31/187(16.6) 


48/272 (17.6) 


0.94(0.62Q.42) 




Autumn (ScptunberCNovem ber) 


16/125(12.3) 


63/334 (1S.9) 


0.67(0.41C1.13) 




Location industry 


1/9(11.1) 


78/450 (173) 


0.64(0.100^.1 1) 




Extremity injury 


23/200(11.5) 


567259 (21.6) 


0.53 (0.34CD.S3) 


0.006* 


Chest injury 


34/275(12.4) 


45/184 (24.5) 


0.51 (0J4CD.76) 


0.00 t» 


Recreational use 


67/423 (15.8) 


12/36 (33.3) 


0.4S (0.2SCD.79) 


0.02* 


Abdominal injury 


8/118(6.8) 


71/341 (20,8) 


0.33 (0.16D),66) 


o.ooo* 


Blunt 


71/448(15.8} 


8/1 1 (72.7) 


0.22(0.1413.33) 


0.000* 


Stationary collision 


1/61 (1.6) 


52/334 (15.6) 


0.11 (O.OICD.75) 


0.002- 



CL ccn]id.TCc intent!. 
" Significant at 0.0S 1cm:I. 



Hospital Costs 

The median cost per admission day for an ATV trauma 
patient was calculated as S 1,460.50 per day in 2009 Canadian 
dollars 32 (median, Sl,460.50; IQR, $1,177,9SCS2,103 .05). 
Extrapolated to 4,117 trauma center admission days over 10 
years in the province of Alberta, ATV trauma has cost the 
provincial healthcare system an estimated 6 million Canadian 
dollars in acute care costs (S6,012,S7S.50 in 2009 Canadian 
dollars). This translates to over S6.5 million US dollars 
(S6,5I0,143.55 in 2009 USD using an exchange rate of 
1.0827 on June 1, 2009, obtained from the Bank of Canada). 

DISCUSSION 
ATVs are increasingly involved in major trauma in the 
province of Alberta. In our study, ATV mortality accounted 
for 17% of the population with severe injuries. Recently, 
Monk et a]. 13 compared motorcycle trauma with motor- 
vehicle trauma in the province of Alberta and reported a 29% 
and 46% mortality rate, respectively. Expressed as a mortality 
rate per number of registered vehicles, motorcycles were 
deemed more dangerous with an 11-year mortality rate of 
0.128% compared with motor vehicles at 0.03S%. From the 
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current ATV study, the 10-ycar mortality rate for ATVs 
adjusted to the number of registered vehicles is 0.029%. 
However, theyearly mortal ity rate adjusted for the number of 
registered vehicles surpassed that of motor vehicles in 2001 
to a maximum of 0.05S% in 2006 and continues to exceed 
that for motor vehicles. 24 Even though ATVs are increasing 
in popularity, the increase in mortality is out of proportion to 
the increase in registered ATVs. 

The increasing mortality rate in ATV trauma is paral- 
leled by increasing injury rates and corresponding hospital 
costs. During the 10-year period, we estimated that $6.5 
million USD (in 2009 US dollars) was spent on ATV trauma 
for the acute trauma center stay alone. The estimated costs in 
this study do not include the cost of rehabilitation, extended 
peripheral hospital stay, repeat hospital admissions, total 
years of life lost, or cost of quality of life years lost. The 
figures underestimate the overall inhospital costs of ATV 
injury because patients with an I3S 12 and those younger 
than 18 years were excluded from the study. Hclmkamp et 
al. 7 estimated that total hospital costs for ATV trauma in the 
United States from 2000 to 2004 alone exceeded Sl.l billion, 
20% of these costs were paid by public funds. The difference 
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between the two studies is likely because of both the popu- 
lation size and the public provision and organization of 
healthcare in Canada, The current study has identified a 
substantial burden and impact of ATV trauma on the health- 
care system associated with the need for increased access to 
acute care hospital beds, resource utilization across the sys- 
tem, and postdischarge support requirements resulting in high 
overall financial costs. 

Common factors are associated with ATV injury and 
mortality. Previous studies have reported risk factors for ATV 
mortality includingthepopulation descriptors of male, younger 
than 25 years, and livingin rural areas, 15 In the current study, the 
majority of ATV events occurred in rural areas and involved 
male drivers. However, the factors that increased mortalitywerc 
consistent across genders and age categories and includeduse of 
an ATV on a highway or street, use in a recreational area, 
consumptionof alcohol before or when operating or riding on an 
AW, and not wearing appropriate protective equipment (i.e., 
helmets). These findings are consistent with Hall et al. 4 who 
reported ATV mortalityassodaied with low rates of helmet use, 
high alcohol consumptionat intoxicating levels, serious head 
injuries on street collisions.and chest and abdomen compression 
injuries in rural areas. 

This study reports an increase in the incidence of ATV 
rollovers amon g thepopulationo Ider than 30 years. Anticipati ng 
that ATV drivers older than 30 years are more likely to be 
experienced drivers, the high incidence of rollover in this age 
category may suggest an inherent instabilityof the ATV con- 
tributingmore to ATV trauma incidents rather than rider inex- 
perience. It has also been previously suggested in the literature 
that increased ATV power and relaxed manufacturing regula- 
tions may contributeto ATV rollovers and subsequent injuries.' 1 
It is apparent that improvements in ATV safety require both 
public education campaigns and appropriate legislation and 
discussions with industry to improve ATV stabilityand safety. 
The consistency of unsafe behaviors across genders and age 
categories supports the importance of basic and wide-reaching 
public health campaigns and training. Messages should include 
theimportanceof safe ATV use mcludingloading and transport, 
prevention ofdrinkinganddriving.promotionof helmet use, the 
cautious operation of ATVs on highways, streets, and busy 
recreational areas, and the danger of drivingATVs inunfamitiar 
terrain. The messageis clear: ATV-related injuries andmortality 
are predictable, preventable, and costly. 
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